Environmental risk factors and Parkinson's disease: selective degeneration of nigral dopaminergic neurons caused by the herbicide paraquat.
Environmental toxicants and, in particular, pesticides have been implicated as risk factors in Parkinson's disease (PD). The purpose of this study was to determine if selective nigrostriatal degeneration could be reproduced by systemic exposure of mice to the widely used herbicide paraquat. Repeated intraperitoneal paraquat injections killed dopaminergic neurons in the substantia nigra (SN) pars compacta, as assessed by stereological counting of tyrosine hydroxylase (TH)-immunoreactive and Nissl-stained neurons. This cell loss was dose- and age-dependent. Several lines of evidence indicated selective vulnerability of dopaminergic neurons to paraquat. The number of GABAergic cells was not decreased in the SN pars reticulata, and counting of Nissl-stained neurons in the hippocampus did not reveal any change in paraquat-treated mice. Degenerating cell bodies were observed by silver staining, but only in the SN pars compacta, and glial response was present in the ventral mesencephalon but not in the frontal cortex and cerebellum. No significant depletion of striatal dopamine followed paraquat administration. On the other hand, enhanced dopamine synthesis was suggested by an increase in TH activity. These findings unequivocally show that selective dopaminergic degeneration, one of the pathological hallmarks of PD, is also a characteristic of paraquat neurotoxicity. The apparent discrepancy between pathological (i.e., neurodegeneration) and neurochemical (i.e., lack of significant dopamine loss) effects represents another important feature of this paraquat model and is probably a reflection of compensatory mechanisms by which neurons that survive damage are capable of restoring neurotransmitter tissue levels.